Human biomonitoring (analysis of biological fluids) is increasingly being used for assessing exposure to environmental pollutants. Smoking tobacco is a significant source of indoor air pollution and is harmful to human health. The aim of this research was to find both the best non-invasive matrices (from among saliva, urine, semen and sweat) for evaluating environmental exposure to tobacco smoke and the relationships between thiocyanates (biomarkers of environmental tobacco smoke exposure) and other inorganic ions in these matrices collected from active and passive smokers and also non-smokers.
Introduction
Humans are exposed to a variety of chemical compounds that are released into the environment as a consequence of their activities. Pollutants present in both indoor and outdoor environments are incorporated into the human body by different routes and can then be stored and distributed in cells, tissues and biological fluids. The chemical composition of human biological fluids is of special interest for several reasons for example in evaluating the role of a particular fluid in maintaining human health, comfort and well-being, and in the recognition of disease states.
Measurement of the concentration of chemical compounds, such as inorganic ions, in human biological fluids can provide diagnostic information regarding serious illnesses or addictions. For example, determination of the sodium and chloride concentrations in sweat may confirm the diagnosis of cystic fibrosis, a life-threatening, autosomal recessive disease (LeGrys 1996 (LeGrys , 2007 . The level of thiocyanates (cyanide metabolites) in saliva and urine is considered a good test for distinguishing between smokers and non-smokers, and its determination is useful for evaluating smoking behaviour (Bilewicz and Kublik 1981; Giraudi and Grillo 1981; Chinaka 1998; Glatz et al., 2001; Connolly et al., 2002; Themelis and Tzanavaras 2002; Sa´decka´and Polonsky´2003; Chen et al., 2004a, b; Tanaka 2004; Demkowska et al., 2008; Tamosˇiu´nas et al., 2006) . The subject literature still lacks information on the determination of these ions in other biological fluids, such as semen and sweat. The main objectives of this research were to find: the best non-invasive matrices (from saliva, urine, semen and sweat) for evaluating environmental tobacco smoke (ETS) exposure. the relationships between thiocyanates (biomarkers of ETS exposure) and other inorganic ions in these matrices collected from active and passive smokers, as well as from non-smokers.
Materials and methods

Chromatographic Conditions
Chromatographic separations were performed on a DX500 ion chromatograph (Dionex, Sunnyvale, CA, USA) consisting of a GP50 gradient pump and a CD20 conductivity detector. Anions were determined on an IonPac AS9-HC (2 mm Â 250 mm) anion exchange column using 9.0 mM Na 2 CO 3 eluent at 0.25 ml/min and suppressed conductivity detection with ASRC-ULTRA suppressor (2 mm) in recycle mode, 50 mA. Cations were determined on an IonPac CS14 (2 mm Â 250 mm) cation exchange column using 4 mM methanesulphonic acid, 5.45 mM pyrophosphoric acid eluent at 0.25 ml/min and suppressed conductivity detection with CSRS-ULTRA suppressor (2 mm) in recycle mode, 50 mA. The chromatographic separation was obtained within 35 min for anions and 18 min for cations. The sample injection volume was 7.5 ml for anions and 2.5 ml for cations.
À , PO 4 3À 1000 mg/l), pyrophosphoric acid and anhydrous sodium carbonate were obtained from Merck (Darmstadt, Germany). Methanesulphonic acid was purchased from Sigma-Aldrich (Schnelldorf, Germany). Deionised water was obtained from a Millipore Gradient A10 (resistivity: 18.2 MOcm at 251C) water purification system (Millipore, Bedford, MA, USA).
Analytical Procedure
Human biological fluid samples (saliva, urine, semen, sweat) were collected in sterile plastic bottles and transported to the laboratory for analysis. Human semen samples were obtained by masturbation into sterile plastic bottles after sexual abstinence and allowed to liquefy at 251C. Human sweat samples were collected during dry sauna bathing. Figure 1 shows a schematic presentation of the analytical protocol. Table 1 lists the metrological characteristics of the analytical procedure used in this study of human biological fluid samples (saliva, urine, semen, sweat). 
Results and Discussion
Biological fluid samples (saliva, urine, semen, sweat) were collected from passive, moderate and heavy smokers, as well as from non-smokers, in order to demonstrate the effectiveness of this method as a means of evaluating smoking behaviour. The subjects were classified into the following groups according to their responses from the smoking habits questionnaire. Table 2 summarises the data on the subjects taking part in this study. by non-invasive manner (saliva, urine, semen, sweat) collected from non-smokers and heavy smokers.
Inorganic ions in Human Biological Fluid Samples
Anions Figure 3 shows the average concentration levels of inorganic ions (thiocyanate, nitrate and sulphate) determined in human biological fluid samples (saliva, urine, semen, sweat). The thiocyanate concentration increased with the number of cigarettes smoked per day in all matrices (saliva, urine, semen, sweat), and this observation can be treated as the basis for stating that thiocyanates are representative biomarkers of ETS exposure. Thiocyanate concentrations were the highest in human saliva samples (compared with urine, semen and sweat samples). Nitrate and sulphate levels in the saliva and semen samples increased with the number of cigarettes smoked per day; their presence in these matrices can therefore be linked to ETS exposure (similar relationships were not found in the urine and sweat samples). Figure 4 shows the average concentrations of thiocyanate ions (biomarkers of ETS exposure) and sodium and calcium ions in human biological fluid samples (saliva, urine, semen, sweat). The sodium and calcium ion concentrations in semen samples decreased with the number of cigarettes smoked per day (similar relationships were not observed in the saliva, urine and sweat matrices). Calcium ions regulate a variety of processes in the human body; they also affect fertility and help in maintenance of pregnancy (Pandy et al., 1983; Stanwell-Smith, 1983; Hamamah and Gatti, 1998; Chia, 2000; Huang, 2000; Demkowska et al., 2010) . The low calcium ion concentrations determined in the semen samples collected from active and passive smokers, compared with the semen samples from non-smokers, may affect the fertility of these subjects. Moreover, the low sodium and calcium concentrations in the semen samples may be because of these analytes being lost from the bodies of smokers; the quality of the semen in such men also decreases. However, the sodium concentration increased with the number of cigarettes smoked per day only in sweat samples, this may be linked to the influence of smoking on the intensity with which these analytes are excreted through perspiration.
Cations
Conclusion
A new successful approach for determining inorganic ions in human biological fluid samples handled by non-invasive manner (saliva, urine, semen, sweat) collected from active and passive smokers as from well as non-smokers is presented. The sample preparation procedure combined with ion chromatography technique is undoubtedly a valuable tool for studying the levels of a wide spectrum of inorganic ions in human biological fluid samples (saliva, urine, semen, 1Fnon-smokers not exposed to the influence of environmental tobacco smoke at home or in the workplace, 2Fpassive smokers, 3Fmoderate smokers (subjects smoking 1-10 cigarettes per day) and 4Fheavy smokers (subjects smoking 410 cigarettes per day). sweat). It should be emphasised that in this work ion chromatography was applied for the very first time to detect target analytes in human semen and sweat samples.
It was observed that smoking had a significant influence on the concentrations of inorganic ions in human biological fluid samples handled by non-invasive manner (saliva, urine, semen, sweat). The impact of exposure to the toxic constituents present in environmental tobacco smoke was the greatest in the saliva and semen samples and the least in the urine and sweat samples. However, the concentration of thiocyanates increased with the number of cigarettes smoked per day in all the four matrices. On the basis of this observation, one can state that these ions are representative biomarkers of ETS exposure.
Exposure to the toxic constituents of ETS can be successfully assessed by the analysis of human biological fluid samples handled by non-invasive manner. Figure 4. Average concentrations of thiocyanate ions and: (a) sodium ions, (b) calcium ions in biological fluid samples collected from: 1Fnon-smokers not exposed to the influence of environmental tobacco smoke at home or in the workplace, 2Fpassive smokers, 3Fmoderate smokers (subjects smoking 1-10 cigarettes per day) and 4Fheavy smokers (subjects smoking 410 cigarettes per day).
